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SUMMARY
Preterm birth affects 12.5% of all births in the USA. Infants of Black mothers are 
disproportionately affected, with 1.5 times the risk of preterm birth and 3.4 times the risk of 
preterm-related mortality. The preterm birth rate has increased by 33% in the last 25 years, almost 
entirely due to the rise in late preterm births (34–36 weeks’ gestation). Recently attention has been 
given to uncovering the often subtle morbidity and mortality risks associated with moderate (32–
33 weeks’ gestation) and late preterm delivery, including respiratory, infectious, and 
neurocognitive complications and infant mortality. This section summarizes the epidemiology of 
moderate and late preterm birth, case definitions, risk factors, recent trends, and the emerging 
body of knowledge of morbidity and mortality associated with moderate and late preterm birth.
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1. Introduction
Preterm birth (<37 weeks gestation) affects approximately one in eight (12.5% in 2008) of 
all births in the USA each year.1 Preterm birth is the most frequent cause of infant mortality, 
as well as the leading cause of long term neurologic disabilities in children, including 
cerebral palsy and developmental delays. It is estimated that preterm birth costs the US 
healthcare system more than $26 billion each year.2 Black infants are disproportionately 
affected; infants of non-Hispanic Black women have >1.5 times the risk of preterm birth and 
3.4 times the risk of preterm-related mortality compared with infants of White mothers.3 
Reducing the high burden of preterm birth, and its associated morbidity, mortality, and 
racial disparities, has thus been identified as a public health priority, as reflected by the 2006 
PREEMIE Act,4 the 2007 Institute of Medicine Report on preterm birth,2 the 2006 Surgeon 
General’s conference,5 the 2007 US Department of Health and Human Services’ public 
awareness campaign,6 and Healthy People 2010 and 2020 objectives.7
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The survival of preterm infants improved greatly in recent decades, primarily due to 
advances in clinical management including neonatal intensive care units (NICUs), paediatric 
ventilators, and use of surfactant and antenatal steroids. Concomitant with improvements in 
preterm survival, the preterm birth rate increased by 33% from 1981 to 2006, almost 
exclusively due to a rise in late preterm births (34–36 weeks’ gestation).1,8 Currently, ~72% 
of all preterm births are due to infants born late preterm and 84% are due to late and 
moderate (32–33 weeks) preterm combined (Fig. 1). Although the majority of preterm-
related deaths occur among very preterm infants (<32 weeks’ gestation), increased attention 
has recently been given to better understanding the reasons for the high rate of late and 
moderate preterm birth, its causes, short and long term sequelae, and opportunities for 
prevention. Research is uncovering significant, though often subtle, increased risks for late 
preterm infants compared with those born at term (i.e. 39–41 weeks’ gestation) for 
complications at birth and long term neurodevelopmental problems. Increased knowledge 
about the epidemiology of these moderate and late preterm births is critical for informing 
practices and guidelines related to the prevention of preterm-related morbidity and mortality.
2. Preterm birth definitions and subcategories
Fetal growth and maturation occur along a continuum throughout pregnancy. As such, case 
definitions based on discrete categories of gestational age may appear somewhat arbitrary. 
However, standard categorization of preterm infants based on gestational age is valuable for 
assessments of morbidity and mortality risk, comparisons across populations and research 
studies, generating health policy guidelines, and guiding patient care.9 Generally, preterm 
birth is defined as birth of an infant at <37 weeks’ completed gestation. However, there has 
traditionally been a lack of consensus on standard gestational age categories for infants born 
in the period near to term, i.e. from 32 to <37 weeks’ gestation. These infants have been 
grouped by different gestational categories and identified by different names, such as ‘near 
term’, ‘late preterm’, ‘marginally preterm’, ‘moderate preterm’, and ‘borderline preterm’. 
Unfortunately, these terms have not adequately captured the important implications that 
these infants are still premature and vulnerable.9,10 Lack of recognition of prematurity, and 
its important physical and neurocognitive sequelae, could lead to increased comfort with 
early elective deliveries, less rigorous newborn assessment, early discharge, or inadequate 
monitoring. The 2005 National Institutes of Health workshop recommended that infants 
born at 34 0/7 through 36 6/7 weeks’ gestation after the onset of the mother’s last menstrual 
period (LMP) be referred to as ‘late preterm’.10 We will use this definition to define late 
preterm births in this review and define infants born at 32 0/7 to 33 6/7 weeks’ gestation as 
‘moderate preterm’.
3. Estimating gestational age
Ensuring accurate and standardized estimation and reporting of gestational age may often be 
challenging. Gestational age is routinely estimated according to the number of weeks’ 
gestation after the onset of the mother’s LMP. However, this estimate may be unreliable and 
prone to error in maternal recall. The gold standard for accurate determination of gestational 
age is first trimester ultrasound.11 Nevertheless, early ultrasound is currently not 
recommended for routine gestational age dating and, in the USA, is often not reimbursed by 
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public and private payers unless there is uncertainty about dates. In addition, women who 
seek prenatal care late may be less likely to have accurate dating. Inaccurate determination 
of gestational age can affect multiple downstream factors, including estimation of fetal 
maturity before elective delivery, clinical and epidemiologic investigations, and program 
evaluation.
US birth certificate records are the only source of national data for surveillance and 
epidemiologic studies about preterm birth. Typically, reported gestational age is based on 
the interval between the first day of the mother’s LMP and the date of birth.1 When 
information on the date of LMP is missing or when the birth weight is incongruent with the 
gestational age, the clinical or obstetric estimate of gestation is used in place of the LMP 
gestational age (~5% of all births). This reliance on LMP results in a high percentage of 
deliveries in which gestational age is misclassified. Basso and Wilcox12 reported that 
preterm births are more likely to be misclassified than term births. Qin et al.13 found that US 
preterm birth rates were lower when gestational age was based on the clinical estimate or on 
an LMP/clinical estimate composite measurement than when it was based on the LMP 
alone. When Qin et al.13 applied different data editing methods in an attempt to correct for 
misclassification, they found that the increase in preterm delivery rates from 1990 through 
2002 persisted, but was attenuated.
4. Causes of late and moderate preterm birth
Preterm birth is not a single entity, but a common final outcome of a heterogeneous 
collection of underlying maternal and fetal factors. Approximately two-thirds of all 
singleton preterm births are spontaneous, often with no known cause, and approximately 
one-third are the result of medical intervention (i.e. medically indicated) to protect the health 
of the mother or infant.14 Complications of pregnancy that lead to both spontaneous and 
indicated preterm birth are multiple, complex, and vary according to gestational age. 
Although the rates of indicated deliveries remain similar throughout pregnancy, the medical 
reasons for intervention vary according to the changing biological processes and 
complications that occur at different periods of gestation. For example, placental 
insufficiency becomes increasingly important later in pregnancy due to the increased 
demands for oxygen and nutrients during a crucial period of fetal growth. The risks of some 
maternal complications also increase later in pregnancy, such as hypertension, pre-
eclampsia, diabetes, and placenta praevia. Decisions regarding obstetric intervention must 
weigh the risks of continuing the pregnancy in a suboptimal uterine environment compared 
with the risks of early delivery. Thus, understanding the risks of moderate and late preterm 
birth is critical to informing optimal clinical decision-making.15,16
5. Epidemiology of preterm birth
Surveillance of preterm birth is essential for informing and evaluating clinical practices, 
research, programs, and policies aimed at reducing infant morbidity and mortality. 
Surveillance and epidemiologic analyses can measure the contribution of preterm birth to 
infant morbidity and mortality, identify populations at highest risk, detect changes in 
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obstetric practices, and guide the development, implementation, and evaluation of 
programs.17
Increases in the singleton preterm birth rate since 1990 have been almost entirely due to 
infants born late preterm (Fig. 2). During 1990–2006, the late preterm birth rate for singleton 
births increased 20.9%, from 6.7% to 8.1%. This rate declined slightly in 2007 and 2008 to 
8.0% and 7.8%, respectively. Preliminary data from 2009, the latest year available, suggest 
that this decline is continuing.18
Although the reasons for the increasing rates of moderate preterm and late preterm birth 
during the last two decades are not well understood, several theories have been postulated. 
These include improved risk assessment and timing for maternal and fetal disorders, more 
elective inductions and caesarean sections to reduce adverse fetal outcomes, increasing 
maternal age (>35 years), and increasing rates of multiple gestations.10,19,20 Growing 
concerns have been raised about more invasive medical management without clear 
indication, driving late preterm and early term rates due to providers’ concerns about 
medical malpractice, patient requests, or even convenience of the family or obstetrician. The 
actual prevalence of these practices is unknown. One recent study reviewed medical records 
and estimated that more than half of all late preterm infants delivered by obstetric 
intervention could be ‘non-evidence based iatrogenic preterm birth’.21 However, cautious 
interpretation of this study is warranted, as information on the indication for the delivery 
was often missing in the medical record.22
Concern about the practice of elective induction or caesarean delivery without medical 
indication prompted the March of Dimes to launch a national campaign, ‘Healthy Babies are 
Worth the Wait’,23 to raise awareness among patients and providers on the importance of 
preventing non-indicated intervention. Also, several large health insurance groups have 
moved to limit elective inductions and caesarean sections without medical indication before 
39 weeks.24,25 Preliminary results of these programs appear promising, demonstrating rapid 
declines in elective inductions and caesarean section without indication prior to 39 weeks’ 
gestation, as well as cost savings due to NICU and hospital stays.25 More information is 
needed to determine the extent of changes that have occurred in clinical practice, or just 
changes in reporting of indications. The reduction in US preterm birth rates in 2007–2009, 
the reversal of a long term trend in increasing rates, may indicate that these programs are 
having a positive impact (Fig. 2).
5.1. Risk factors for moderate and late preterm birth
Multiple maternal and infant characteristics are associated with spontaneous preterm births, 
such as multiple gestations, birth defects, maternal age, and race and ethnicity. Although 
many of these variables are not modifiable, knowledge of these risk factors is important for 
targeting interventions to those at highest risk.
5.1.1. Multiple gestations—Twins and higher order multiples have elevated rates of late 
and moderate preterm birth compared with singletons. Between 1990 and 2008, the rate of 
singleton infants born late preterm increased by 14.7%, whereas among multiples the rate 
increased by 27.4%.26 Much of the increase in multiples is thought to be attributable to 
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delayed childbirth and increased use of assisted reproductive technologies (ART).1 The 
proportion of multiples due to ART is quite high (~48%),27 but the overall contribution of 
ART to the national preterm birth rate is more limited; only about 1% of all US births in 
2006 were attributable to ART.27 ART is also associated with increased risk of preterm birth 
among singleton births, but it is not known whether ART or the underlying biological 
reasons for infertility increase the risk of preterm birth.28
5.1.2. Congenital malformations—Congenital malformations are associated with 
increased preterm birth rates. A US multi-state study from 1995 to 2000 showed that infants 
born at 32–36 weeks’ gestation had more than a two-fold risk of having congenital 
malformations than their term counterparts.29 The risk was five times higher for those born 
at earlier gestations.
5.1.3. Maternal age—A U-shaped distribution is observed between maternal age and late 
preterm birth (Fig. 3). In 2008, late preterm birth rates were highest among women of <20 
and >35 years of age; women of 20–34 years of age had the lowest preterm rates. A similar 
pattern is observed for those born moderately preterm (Fig. 3). Increased preterm risk among 
older women may be due to an increased prevalence of co-morbid conditions such as 
diabetes and hypertension, as well as higher multiple birth rates and use of ART.27 Among 
teens, increased preterm risk may be due to biologic immaturity, lower socioeconomic 
status, and behavioral risk factors such as tobacco use.30 The increase in the preterm birth 
rate since 1990 has been greater for older mothers and less so for teens.8
5.1.4. Race and ethnicity—Preterm birth rates vary for different racial and ethnic 
groups. In 2008, late preterm birth rates were highest for infants of non-Hispanic black 
mothers (11.3%), followed by American Indian or Alaskan Natives (9.7%), Hispanics 
(8.8%), non-Hispanic whites (8.2%) and Asian or Pacific Islanders (7.9%) (Fig. 4). A 
similar pattern is observed for moderate preterm births. The reasons for these racial and 
ethnic disparities remain poorly understood. Possible explanations include differences in 
access to care and quality of care, social determinants of health including the effects of 
psychosocial stress, poverty, and the environment; prevalence of co-morbidities; and genetic 
factors.3 Although preterm birth risk declines with increasing level of maternal education 
and income, Black women with a college education still have higher preterm birth rates than 
White women with a college education.31 Despite social and economic disadvantages, 
Hispanic women tend to have a lower risk of preterm birth compared with Black women, 
often termed the ‘Hispanic paradox’.32 Reasons for disparities in late preterm birth and 
preterm-related mortality for non-Hispanic blacks, American Indian or Alaskan Natives, 
adolescent, and older mothers have not been fully elucidated and represent a critical area for 
research.
5.2. Morbidity and mortality rates
Risk of infant morbidity and mortality declines dramatically with increasing gestational age 
up until term and then increases again post-term.33 Understanding which infants are at 
greatest risk for morbidity and mortality can assist providers in anticipating potential 
complications and with successful management, early intervention, and follow-up.19 During 
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the last decade, studies have shown consistently that late preterm infants are at higher risk 
than term infants for a number of neonatal complications including respiratory distress 
requiring ventilation, transient tachypnea of the newborn, intraventricular hemorrhage, 
bacterial sepsis, apnoea, hypoglycemia, temperature instability, jaundice and 
hyperbilirubinaemia, feeding problems, neonatal intensive care admission, and even 
death.34–36 Although moderate and late preterm birth is associated with increased neonatal 
complications, it is important to note that the direction of causality remains unclear. Preterm 
delivery may cause adverse infant outcomes, or the medical indications leading to the need 
for the preterm delivery, such as intrauterine growth restriction or fetal anomalies, may be 
the cause of the adverse outcomes. A growing body of evidence suggests that infants born 
late and moderate preterm also have higher risks of later childhood morbidity and disability, 
including cerebral palsy, poor school performance, early intervention services, special 
education needs, and asthma.37–41
Infant mortality rates are highest among the most preterm infants (Fig. 5). During 2006–
2008 infants born <28 weeks’ gestation had by far the highest infant mortality rate (378.2 
per 1000 live births), whereas infants born at 39–41 weeks had the lowest mortality rates 
(2.1 per 1000 live births). It is important to note that mortality risk continues to decline up to 
39–41 weeks’ gestation, including those born late preterm (7.1 per 1000 live births) and 
moderate preterm (16.2 per 1000 live). Infants born at 32–33 and 34–36 weeks’ gestation 
have, respectively, ~8 and 3 times the rate of infant mortality compared with their term 
counterparts.
Several studies have attempted to examine neonatal complications and mortality by 
underlying factors resulting in preterm birth. Using 2001 US vital statistics data, Chen et 
al.15 compared neonatal mortality risk by preterm birth subcategory (i.e. spontaneous 
preterm birth with intact fetal membranes, preterm premature rupture of membranes before 
labor onset, and indicated preterm birth). Compared with spontaneous preterm deliveries, 
late and moderate preterm infants delivered for medical indications had twice the risk of 
neonatal death. In another study restricted to late preterm births, Reddy et al.16 reported 
similar findings. Deliveries with recorded obstetric complications (e.g. polyhydramnios, 
oligohydramnios, incompetent cervix, cord prolapse, fetal distress) had at least twice the risk 
of neonatal and infant mortality compared with deliveries with no recorded indication.
Another large retrospective cohort study using vital statistics and hospital discharge records 
in Massachusetts found that morbidity risk during birth hospitalization among late preterm 
infants decreased with increasing gestational age.42 Morbidity rates were similar among 
infants born between 39 and 41 weeks’ gestation (ranging from 2.5% to 2.8%). However, 
morbidity rates approximately doubled for each additional gestational week earlier than 38 
weeks, from 5.9% with morbidities if born at 37 weeks’ gestation to 51.7% morbidity at 34 
weeks’ gestation. Importantly, this study also found that the risk of neonatal morbidity 
increased among infants born late preterm if the pregnancy was complicated by an 
underlying medical condition, especially for antepartum haemorrhage and hypertensive 
disorders of pregnancy.
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Because fetal lung maturation is completed late in gestation, respiratory morbidities are a 
frequent concern for late and moderate preterm infants.43,44 In a comprehensive review, 
Colin et al. found that infants born 32–36 weeks’ gestation had a greater risk of respiratory 
morbidities compared with term infants.43 Rates of infant deaths due to respiratory distress 
syndrome have been found to increase with each week of decreasing gestational age before 
37 weeks (0.06 infant deaths per 1000 live births at 36 weeks, 0.11 at 35 weeks, 0.26 at 34 
weeks, 0.44 at 33 weeks, and 3.09 at 28–32 weeks).44
5.3. Late preterm birth and fetal death
Many argue that advances in obstetric practice have led to more intensive monitoring during 
pregnancy, which has led to increased obstetric interventions. It follows that this increase in 
medical interventions resulting in early delivery would lead to a decrease in stillbirths. Some 
evidence exists to support this argument.45–47 Joseph et al.46 examined US vital records 
from 1988–1999 to evaluate the temporal associations between trends in late preterm births 
and fetal deaths. The increase in obstetric intervention at 34–36 weeks’ gestation appeared 
to be temporally associated with a significant decline in late fetal death rates. Others have 
examined similar data and have shown that increases in preterm birth precipitated by 
obstetric intervention correlated with a reduction in perinatal mortality.47 Though more 
direct assessments are needed, these associations suggest that the rise in moderate and late 
preterm births, perhaps due to increased obstetric intervention, may be conferring some 
improvement in perinatal outcomes.14
In summary, late preterm birth accounts for the vast majority of preterm births in the USA 
and for the rise in the national preterm birth rate over the past two decades. Late and 
moderate preterm infants are both physiologically and developmentally immature and have 
higher risks for morbidity and mortality compared with infants born at term. Attention to 
increasing rates of late preterm births during the last decade have led to several campaigns 
aimed at reducing non-medically indicated preterm births.23,25 It will be important to 
document the health and economic impact of these initiatives in the years to come. 
Prospective studies will further strengthen our knowledge about decisions regarding 
obstetric intervention. We must go beyond crude measures such as race, ethnicity, and age, 
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• Among infants born preterm, 72% are born late preterm, i.e. at 34 0/7 through 
36 6/7 completed weeks’ gestation.
• Although mortality risk declines with increasing gestational age, even infants 
born close to term are at increased risk for mortality.
• Compared with term births, infants born late preterm experience higher rates of 
infant morbidity and mortality, as well as higher risks of childhood disabilities.
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• Detailed prospectively collected data would increase knowledge about decisions 
regarding obstetric intervention.
• Racial and ethnic disparities in late preterm birth mortality are complex and 
remain poorly understood.
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Distribution of preterm births by gestational age: United States, 2008. Source: Centers for 
Disease Control and Prevention. National Center for Health Statistics. VitalStats. http://
www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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Trends in singleton preterm birth rates: United States, final 1990, 1995, 2000, and 2005–
2008. Source: Centers for Disease Control and Prevention. National Center for Health 
Statistics. VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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Percent of live births born moderate and late preterm by maternal age: United States, 2008. 
Source: Centers for Disease Control and Prevention. National Center for Health Statistics. 
VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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Percent of live births born moderate and late preterm by maternal race and Hispanic origin: 
United States, 2008. Source: Centers for Disease Control and Prevention. National Center 
for Health Statistics. VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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Infant mortality rates (per 1000 live births) by gestational age: United States, 2006. Source: 
United States Department of Health and Human Services (US DHHS), Centers of Disease 
Control and Prevention (CDC), National Center for Health Statistics (NCHS), Office of 
Analysis and Epidemiology (OAE), Division of Vital Statistics (DVS), Linked Birth/Infant 
Death Records 2003–2006 on CDC WONDER Online Database. Accessed at http://
wonder.cdc.gov/lbd-current.html on Sep 27, 2011 03:40:20 PM.
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